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Factors associated with calcification of the abdominal aorta in due to the numerous factors that can accelerate arterio-
hemodialysis patients. sclerosis in HD patients that do not exist in healthy
Background. Cardiovascular and cerebrovascular injury individuals. We have semiquantitatively evaluated thecaused by arteriosclerosis has been the major cause of the death
calcification of the abdominal aorta using an aortic calci-in hemodialysis (HD) patients. We quantitatively analyzed and
fication index (ACI) [3] and correlated this index withevaluated the severity of abdominal aortic calcification in HD
patients in comparison to risk factors for arteriosclerosis. risk factors for arteriosclerosis in HD patients. This study
Methods. One hundred thirty-seven HD patients were ex- introduces an alternative method to the ACI to quanti-
amined. Using image analysis software, areas of the calcified tate calcification on simple abdominal computerized to-abdominal aorta were quantitatively analyzed on plain compu-
mography scans in order to better clarify arterioscleroticterized tomography images. Other factors such as blood pres-
risk factors in HD patients.sure (BP), lipid levels, and calcium (Ca) 3 phosphorus (Pi)
value were also analyzed.
Results. Patients with a higher one-year average of systolic
BP showed a higher severity of abdominal aortic calcification. METHODS
That is, the severity of abdominal aortic calcification in patients Subjectswith a one-year systolic BP average above 160 mm Hg was
31.5 6 13.6%, and this severity was significantly higher than We examined 137 HD patients (70 male and 67 fe-
that in patients with a one-year systolic BP average of less than male). This average age was 59.7 6 11.9 years, and they
120 mm Hg (8.0 6 7.7%, P , 0.01). The severity of abdominal had been on HD for an average of 80.5 6 64.5 months.aortic calcification in patients demonstrating risk values of ec-
Of the 137 patients, 34 were complicated by diabetes,topic calcification, that is serum Ca 3 Pi $ 60 (mg/dl), on more
and they had been on dialysis for an average of 51.7 6than 4 of 24 measurements within one year (25.8 6 13.6%)
was significantly higher than the severity of aortic calcification 41.5 months.
in patients demonstrating this value less than four times in one
year (P , 0.05). There was no correlation between levels of Lipid analysis
low-density lipoprotein cholesterol, high-density lipoprotein
Levels of total cholesterol (TC), high-density lipopro-cholesterol, triglyceride, lipoprotein(a), and severity of abdom-
inal aortic calcification. tein cholesterol (HDL-C), triglyceride (TG), and lipopro-
Conclusions. Systolic BP levels and the product of serum tein(a) [Lp(a)] were followed for one year to obtain a
Ca and Pi were related to the severity of abdominal aortic one-year average. Levels of LDL-C were calculated using
calcification in HD patients. These observations suggested that
Friedewald’s equation (LDL-C 5 TC 2 HDL-C 2 TG/5).BP control, as well as control of serum Ca and Pi levels, was
important in preventing the progression of abdominal aortic
Aortic calcification area index measurementarteriosclerosis.
The aortic calcification area index (ACAI) is mea-
sured as follows: The area above the bifurcation of the
Cardiac and vascular complications such as cardiac common iliac artery is scanned 10 times at 1 cm intervals.
failure, myocardial infarction, and cerebrovascular injury These scans are then analyzed by NIH Image 1.61 to
caused by arteriosclerosis have been the major causes calculate the area of calcification in the abdominal aorta
of death in hemodialysis (HD) patients [1, 2]. This is and the cross-sectional area of the aorta. The calcification
area in the abdominal aorta is divided by the cross-
sectional area of the aorta to calculate the extent ofKey words: arteriosclerosis, abdominal aortic calcification, blood pres-
sure, hemodialysis. calcification as a percentage. The ACAI is the average
calcification of 10 scans. 1999 by the International Society of Nephrology
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Blood pressure tween the ages of 55 and 64 years who had been on HD
for less than 36 months were analyzed. The ACAI ofSystolic and diastolic blood pressure (BP) was mea-
patients with accompanying diabetes (26.5 6 15.1%, N 5sured an average of 156 times just before starting each
7) was significantly higher than that of nondiabetic pa-HD session during 1996. The average systolic and dia-
tients (6.5 6 5.8%, N 5 9, P , 0.01).stolic BPs over the year were calculated for each patient.
LipidCalcium 3 phosphorus value
There were no apparent correlations between levelsThe effect of serum calcium (Ca) 3 phosphorus (Pi)
of LDL-C, HDL-C, TG, Lp(a), and the ACAI.values on aortic calcification areas was analyzed as fol-
lows: The levels of serum Ca and Pi were measured twice
Blood pressurea month for a year (total of 24 measurements). Serum
The relationship between systolic BP and ACAI wasCa 3 Pi values of greater than 60 were considered as risk
investigated in nondiabetic patients between the ages offactors for ectopic calcification. The number of occasions
55 and 64 years. A higher average systolic BP measurethat serum Ca 3 Pi was greater than 60 was then tabu-
over the course of one year tended to be associated withlated for each patient. The patients were divided into
a higher ACAI. The ACAI of patients with an averagethose with less than four episodes of high serum Ca 3 Pi
systolic BP above 160 mm Hg (30.2 6 12.9%, N 5 6,(favorably controlled group) and those with four or more
P , 0.01) or patients with an average systolic BP equalepisodes of high serum Ca 3 Pi (poorly controlled group).
to or higher than 140 but less than 160 mm Hg (22.4 6
Statistical analysis 14.4%, N 5 14, P , 0.05) was significantly higher than
that of patients with an average systolic BP of less thanResults were expressed as mean 6 sd. Statistical differ-
120 mm Hg (8.0 6 7.7%, N 5 5; Fig. 1A). There was noences between groups were assessed by Student’s t-test
significant relationship between diastolic BP and ACAIor one-way analysis of variance, depending on the num-
(Fig. 1B).ber of comparisons being made. Pairwise multiple com-
parisons for significant analyses of variance were made
Calcium 3 phosphorus valueby Fisher’s protected least significant differences (PLSD)
tests. P values of less than 0.05 were considered significant. The relationship between a serum Ca 3 Pi value of
greater than 60 (mg/dl) and the ACAI was investigated
in patients between 55 and 64 years of age. The ACAI
RESULTS
of patients with poorly controlled levels of Ca and Pi
Age and sex who had four or more high serum Ca 3 Pi levels ($60)
The ACAI tended to be higher among the older pa- out of 24 tests in a one-year period (26.1 6 13.0%, N 5
tients. A comparison of the ACAI of men in their 40s 35) was higher than that of patients with well-controlled
(17.7 6 10.3%, N 5 8) was significantly higher than that levels of Ca and Pi who had fewer than four high serum
of women in the same age group (4.0 6 3.7%, N 5 10, Ca 3 Pi results (17.8 6 17.2%, N 5 20, P , 0.05; Fig.
P , 0.01), indicating that abdominal aortic calcification 2A). The relationship between serum Ca 3 Pi values
develops earlier in men than women. and ACAI with respect to diabetes was investigated. The
ACAI was significantly higher among diabetic patients
Dialysis history with poorly controlled Ca and Pi levels (35.3 6 12.1%,
Age appears to be strongly related to the degree of N 5 10) than that of well-controlled Ca and Pi levels
calcification of the abdominal aorta. The average age of (14.9 6 16.4%, N 5 7, P , 0.01; Fig. 2B). There were
dialysis patients is approximately 60 years of age. Thus, no apparent correlations between parathyroid hormone
we examined the relationship between the length of HD level and ACAI (data not shown).
and the ACAI in nondiabetic patients between 55 and
64 years of age. The ACAI of patients who had been
DISCUSSIONon dialysis for 60 or more months (25.2 6 13.2%, N 5
Cardiac and vascular complications caused by arterio-28) was significantly higher than that of patients who
sclerosis such as cardiac failure, myocardial infarction,had been on HD for less than 12 months (5.3 6 5.6%,
and cerebrovascular accidents are the major causes ofN 5 4) or between 12 and 36 months (7.4 6 6.4%, N 5
death among HD patients. This appears related to the5, P , 0.01).
greater number of risk factors in HD patients. HD pa-
Diabetes tients often present with hypertension before the start
of HD, and once HD begins, arteriosclerosis may prog-To eliminate the effect of the length of HD on the
relationship between diabetes and ACAI, patients be- ress at a faster rate in these patients because of multiple
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Fig. 1. Influence of blood pressure on aortic
calcification area index (ACAI). (A) The rela-
tionship between systolic pressure and ACAI
was investigated in nondiabetic patients be-
tween the ages of 55 and 64 years. The data
are presented as mean 6 sd. *P , 0.05; **P ,
0.01. (B) The relationship between diastolic
pressure and ACAI was investigated in nondi-
abetic patients between the ages of 55 and 64
years. The data are presented as mean 6 sd.
Fig. 2. Comparison of aortic calcification
area index (ACAI) between well-controlled
group and poorly controlled group in the se-
rum Ca 3 Pi product. (A) The relationship
between serum Ca 3 Pi values and ACAI was
investigated in all patients between 55 and 64
years of age. The data are presented as
mean 6 sd. *P , 0.05. (B) The relationship
between serum Ca 3 Pi values and ACAI was
investigated in diabetic patients between 55
and 64 years of age. The data are presented
as mean 6 sd. **P , 0.01.
metabolic disorders including Ca, Pi, and lipids. De- subjects into those who frequently had a high serum
Ca 3 Pi value (four or more times out of the 24 tests agoulet et al suggested a significant relationship between
year) and those who had a low frequency of an elevatedelevated systolic and diastolic BP and the mortality rate
serum Ca 3 Pi value (less than four times a year). Infrom cardiovascular diseases [4]. The severity of arterio-
this way, we were able to demonstrate the effect of Casclerosis is particularly high among diabetic dialysis pa-
and Pi on abdominal aortic calcification. In conclusion,tients than those who are treated with HD for other
systolic BP and serum Ca 3 Pi values correlated withcauses. In addition to aging, increased serum Ca 3 Pi
calcification of the abdominal aorta in HD patients, sug-[5] and secondary hyperparathyroidism [6] have been
gesting that control of BP and Ca and Pi metabolismsuggested as progression factors for abdominal aortic
is essential in preventing the progression of abdominal
calcification in HD patients. Despite evidence that Ca aortic arteriosclerosis.
and Pi metabolism plays a role in abdominal aortic calci-
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